the optic disc, visual field and ocular characteristics (such as intraocular pressure [IOP] at presentation, best-corrected visual acuity, sphere equivalent, mean keratometry, axial length, lens thickness, corneal thickness and lens opacity) of a consecutive cohort of Asian patients with CPACG, and to compare them with a similarly enrolled sample of patients with POAG.
INTRODUCTION
Primary angle-closure glaucoma (PACG) is a major health problem in Singapore. The rate of PACG in Asians is far higher than that in Caucasians, (1, 2) and it is thought that PACG is a more visually destructive disease compared to primary open-angle glaucoma (POAG). (3) Several studies have documented the outcomes and response to treatment of an acute symptomatic attack of PACG, but few have adequately examined the disease characteristics of chronic primary angle-closure glaucoma (CPACG). (4) (5) (6) Most previous studies on the patterns of visual field loss and optic disc changes in glaucoma have been conducted in patients with POAG. (7) (8) (9) There is comparatively scarce data on the characteristics of field loss and ocular characteristics in patients with CPACG.
In this study, we selected an exclusive group of patients with CPACG who had no previous symptoms of acute attacks such as headache, nausea, vomiting and eye pain. To our knowledge, there are no studies comparing the disease characteristics or natural history of POAG and CPACG at the time of their first presentation to clinics. We also aimed to describe in detail 
METHODS
In a prospective comparative case series of new patients with POAG or CPACG in Singapore, all patients underwent visual acuity assessment, slit-lamp examination, tonometry, gonioscopy, refraction, Heidelberg Retina Tomograph (HRT) and Humphrey visual field (HVF) assessment.
angle and peripheral anterior synechiae (PAS). An occludable angle was defined as one in which the posterior, usually pigmented, trabecular meshwork was not seen over 2,700
or more of the angle without indentation. (10, 11) Patients were asymptomatic at the time of presentation with no symptoms of acute attacks such as headache, nausea, vomiting and eye pain. Visual field defect consisted of either two points reduced by > 5 dB or one point reduced by > 10 dB below the age-specific threshold. (10, 12) The degree of lens opacity -nuclear opacity and colour, and cortical and posterior subcapsular opacities -was graded by clinical observation with a slit lamp using standard photographs of the Lens Opacities Classification System (LOCS) III scheme.
Tonometry was performed using the Goldmann tonometer (HaagStreit, Mason, OH, USA). Three readings were taken from each eye and the time of the readings was recorded. For analytical purposes, the median of these readings was taken as the IOP in that eye. The two-mirror gonioscopy lens was applied to the anaesthetised cornea, using hydroxypropyl methylcellulose (HPMC, 0.5%) as a coupling agent. The appearance of the drainage angles in each quadrant was recorded and classified as open or narrow using the modified Scheie classification. (13) Indentation with a Sussman four-mirror lens (Ocular Instruments, Bellevue, WA, USA) was used to assess the presence and extent of PAS and pigment in the trabecular meshwork.
The optic nerve head of all eyes was imaged using the 
RESULTS
A total of 98 patients were enrolled in the study (POAG n = 48; CPACG n = 50). Tables I and II (Table IV) . To further examine the differences in the pattern of field loss between POAG and CPACG eyes, the visual fields in these patients were quantified as mild, moderate or severe, based on the Advance Glaucoma Intervention Study (AGIS) score (15) (Table V) . Fig. 1 shows the relationship between mean 
DISCUSSION
A majority of patients with PACG are asymptomatic, with only a minority presenting with acute, symptomatic, high IOP. (16) Therefore, in this prospective study, we chose to study patients with CPACG who were asymptomatic and compare them to a group of patients with POAG. We found that patients with CPACG had significantly higher IOP at the time of presentation than those with POAG. This finding is in contrast to a study by Boland et al, (17) who found no significant difference between the PACG and POAG groups. This discrepancy in our findings may It is well known that central corneal thickness (CCT) can affect IOP measurements by tonometry. (23) (24) (25) (26) (27) Thicker central cornea is associated with higher measured IOP. (28) In our study, CCT was significantly different between CPACG and POAG eyes (0.57 ± 0.4 mm vs. 0.45 ± 0.227 mm; p < 0.001). Hence, the effects of CCT, as well as age and gender, on IOP measurements were taken into consideration. We found that after correcting for CCT, age and gender, IOP was still significantly higher in CPACG eyes than in POAG eyes in our study.
The overall recruitment for our study was representative of the Singapore population. We found that patients with CPACG
were significantly older than patients with POAG, and there was a higher proportion of women with CPACG. Previous studies have found that women are more likely to develop angle-closure glaucoma. (21, 29, 30) CPACG eyes also have significantly shorter axial lengths, shallower anterior chamber depths and less myopia than POAG eyes.
It would be expected that a higher IOP would result in more structural and functional damage of the optic nerve. (31, 32) However, when we compared the optic nerve head characteristics between patients with POAG and CPACG, who had different grades of severity of visual field defects based on AGIS (15) scoring, there was no significant difference between the two groups of patients. Thomas et al, who also found no significant differences in HRT parameters between patients with PACG and POAG, reported that the mean disc area was larger in patients with PACG than in those with POAG in an Indian population. (18) This is in contrast to our findings that patients with POAG had a slightly larger disc area than those with CPACG. It has been reported that eyes with high myopia (33, 34) and eyes with longer axial lengths (35) are strongly correlated with larger optic discs. Indeed, in our study, POAG eyes had significantly higher myopic refractive error and longer axial lengths than CPACG eyes, which explains the larger discs observed among our patients with POAG.
Although not statistically significant, we also found that patients with CPACG had larger optic disc rim area and rim volume across all three grades of severity of disease than patients with POAG. Sihota et al have previously found that CPACG eyes have a larger rim area, as measured using optical coherence tomography, when compared to POAG eyes. The authors suggested that the moderately preserved neuroretinal rim area in CPACG eyes, albeit with comparable visual field loss, could be because glaucomatous damage in CPACG is partly due to intermittent rises in IOP whereas glaucomatous damage in POAG eyes is due to prolonged pressure. (36) Despite the higher IOP in CPACG eyes, we found that HVF mean deviation and PSD did not differ significantly between POAG and CPACG eyes. There was also no significant difference in the severity of field loss between POAG and CPACG eyes when scored using the AGIS system. This suggests that the severity of visual field changes may not be due to IOP alone and that other factors, including the duration of insult, may be responsible for the severity of field loss in these patients.
Conversely, we did find a difference in the pattern of field loss among patients with POAG and CPACG. CPACG eyes had lower PSD values for a given mean deviation compared to POAG eyes in our study. This finding is similar to that of Boland et al, (17) suggesting that field loss in CPACG eyes is more diffuse than in POAG eyes. It has also been reported that there is generalised, rather than localised, field loss after an acute symptomatic attack of angle-closure. (37) Interestingly, although our patients had CPACG, we found a pattern of generalised field loss similar to that seen in patients with acute attacks.
Retrospective studies by Gazzard et al (10) and Rhee et al (38) have also found that patients with PACG had higher IOP and less focal field loss than those with POAG. Different patterns of field loss suggest that there are differences in the underlying pathophysiology -a more diffuse pattern of field loss in CPACG eyes may result from exposure to higher IOP, while localised field defects in POAG eyes may suggest non-pressure-related mechanisms of nerve damage. It is also possible that these patterns of field loss may be partly due to differences in IOP spikes, as fluctuations in IOP may be greater in CPACG eyes than POAG eyes, (39) and this may be an independent risk factor for field loss. (40) One limitation of our study is that it was hospital-based rather than population-based. However, we were able to capture a large group of patients with CPACG that was comparable in number to enrolled patients with POAG. A follow-up study would help to further characterise and compare the progression of these two diseases.
The incidence of POAG and CPACG is likely to rise with the ageing of the Singaporean population. (41) Our study shows that patients with CPACG were asymptomatic at the time of their first presentation to the clinic and had significantly higher IOP than patients with POAG. CPACG eyes had lower PSD at the same level of mean deviation on HVF compared to POAG eyes, suggesting that field loss in CPACG eyes is more diffuse than in POAG eyes. A majority of patients in both groups had moderate field defects at the time of presentation, followed by severe and finally mild defects. There was no significant difference in the optic disc topographies of patients from the two groups.
Our findings provide insight into the natural history of the disease in patients with POAG and CPACG. Our results also underscore the significance of community-based health education and prevention programmes targeting patients with such visually destructive diseases. Also, such programmes need to target subgroups of the population that are at the highest risk for these diseases.
